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The term “evidence-based medicine” was first coined by Sackett and colleagues as
“the conscientious, explicit and judicious use of current best evidence in making
decisions about the care of individual patients.”1 The key to practising evidence-
based medicine is applying the best current knowledge to decisions in individual
patients. Medical knowledge is continually and rapidly expanding. For clinicians
to practise evidence-based medicine, they must have the skills to read and inter-
pret the medical literature so that they can determine the validity, reliability, cred-
ibility and utility of individual articles. These skills are known as critical appraisal
skills, and they require some knowledge of biostatistics, clinical epidemiology,
decision analysis and economics, and clinical knowledge.

Evidence Based Reviews in Surgery (EBRS) is a program jointly sponsored by
the Canadian Association of General Surgeons (CAGS) and the American Col-
lege of Surgeons (ACS) and is supported by an educational grant from
ETHICON and ETHICON ENDO-SURGERY, both units of Johnson &
Johnson Medical Products, a division of  Johnson & Johnson and ETHICON
Inc. and ETHICON ENDO-SURGERY Inc., divisions of Johnson & Johnson
Inc. The primary objective of EBRS is to help practising surgeons improve their
critical appraisal skills. During the academic year, 8 clinical articles are chosen for
review and discussion. They are selected for their clinical relevance to general
surgeons and because they cover a spectrum of issues important to surgeons,
including causation or risk factors for disease, natural history or prognosis of dis-
ease, how to quantify disease, diagnostic tests, early diagnosis and the effective-
ness of treatment. A methodological article guides the reader in critical appraisal
of the clinical article. Methodological and clinical reviews of the article are per-
formed by experts in the relevant areas and posted on the EBRS website, where
they are archived indefinitely. In addition, a listserv allows participants to discuss
the monthly article. Surgeons who participate in the monthly packages can
obtain Royal College of Physicians and Surgeons of Canada Maintenance of Cer-
tification credits and/or continuing medical education credits for the current arti-
cle only by reading the monthly articles, participating in the listserv discussion,
reading the methodological and clinical reviews and completing the monthly
online evaluation and multiple choice questions.

We hope readers will find EBRS useful in improving their critical appraisal
skills and in keeping abreast of new developments in general surgery. Four reviews
are published in condensed versions in the Canadian Journal of Surgery and 4 are
published in the Journal of the American College of Surgeons. For further information
about EBRS, please refer to the CAGS or ACS websites. Questions and comments
can be directed to the program administrator, Marg McKenzie, at mmckenzie
@mtsinai.on.ca.
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ABSTRACT

Question: Would the implementation of a surgical safety
checklist designed to improve team communication and
consistency of care reduce major complications and deaths
associated with adult noncardiac surgery? Design:
Prospective before–after study. Setting: Eight hospitals in
8 cities representing a variety of geographic and economic
circumstances and diverse populations. Patients: Patients
who underwent noncardiac surgery. Methods: The inter-
vention involved implementation of a 2-step checklist pro-
gram. Various process and outcome data were collected
prospectively before (3733 patients) and after (3955 pa -
tients) implantation of the checklist. Outcomes: Sur gical
site infections, unplanned returns to the operating room,
pneumonia, death and any complications. Results: The
rate of death was 1.5% before the checklist was introduced
and declined to 0.8% afterward (p = 0.003). Complications
occurred in 11.0% of inpatients at baseline and in 7.0%
after introduction of the checklist (p < 0.001). Conclu-
sion: Implementation of the checklist was associated with
concomitant reductions in the rates of death and compli-
cations among patients who underwent noncardiac
surgery at a diverse group of hospitals.

COMMENTARY

To reduce the rate of major complications and deaths
related to noncardiac surgery, Haynes and colleagues1

assessed the effect of a surgical safety checklist in the oper-
ating room. They hypothesized that the use of the check-
list would improve outcomes by improving team commu-
nication and consistency of care. Implementation of the
checklist in study hospitals throughout the world was
associated with significant reductions in the rate of death
and complications. Despite some controversy with regards
to the before–after study design, the intervention was easy
to implement, unlikely to cause harm and inexpensive.
Uptake of the checklist will likely be widespread.

What are the concerns with the design of this study?
The investigators stated correctly that randomly assigning
individual patients to the use of the checklist would have
risked false-negative results because of contamination, and
they thus used a before–after study design. They failed,
however, to discuss other options such as a cluster random-
ized trial in which randomization is done at one level
(organization or professional) and data are collected at a
different level (patient). This design, although it requires 
a much larger sample size, would have alleviated the 

concerns about contamination as well as concerns about
biases inherent in before–after studies.

A before–after study is a variant of a cohort study. In
cohort studies, patients are not randomly assigned to treat-
ment. In their simplest form, cohort studies track forward
in time a group exposed to a factor and a nonexposed
group and compare outcomes between the groups. The
nonrandom assignment of the patients can lead to selection
bias. Selection bias is the existence of differences in meas -
ured or unmeasured baseline characteristics in the treat-
ment and control groups due to the method of group
assignment. If the characteristic that differs affect the out-
come, this bias can lead to confounding in which incorrect
conclusions are made about the relation between the expo-
sure of interest and the outcome. Although the measured
baseline characteristics of the 2 groups in this study
appeared similar, unmeasured characteristics could still
lead to confounding because of the nonrandom design.

Typically, cohort studies examine both groups from the
same point in time. Before–after studies examine the groups
sequentially; first the control group and then the treatment
group, which can lead to additional biases. The first possible
bias is the possibility of a learning curve in the process of col-
lecting the data; for example, what was considered a major
wound infection in the first group may not be the same in the
second group because of more experience in classifying
wound infections. It is not certain that this bias, if present,
would only result in a decreased effect size as the authors
claimed. The second problem is the influence of temporal or
secular (long-term) trends. Factors such as seasonal varia-
tions, changes in staffing (residents), differences in equipment
or techniques could result in differences in outcomes due to
the sequential enrolment of the groups. Finally, the
Hawthorne effect — the very act of observing a system will
affect that system — could produce better outcomes after
introduction of the checklist, not because of the checklist but
because the operating room team knows they are being eval-
uated. As the authors concede, the contribution of the
Hawthorne effect is difficult to disentangle in this study.

Simple before–after studies are probably never sufficient
to support widespread introduction of quality-improvement
initiatives.2,3 This is because of concerns about the risk of
expending tremendous resources without obtaining a true
benefit and the possibility of introducing new problems.
Despite these considerations, a randomized controlled trial
will probably not be done because the use of a surgical
checklist has been rapidly adopted as a standard of care in
many hospitals. Surgeons may not believe that there is
enough uncertainty to justify a randomized trial, and they
might also believe that omission of a surgical checklist
would lead to needless morbidity and mortality. The items
included on the checklist would already be considered
standard of care, or at least best practice, in most operating
rooms, are easy to implement, are unlikely to cause harm
and are not costly.
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The results of this study were both clinically important
and statistically significant. The overall rate of death dur-
ing the postoperative hospitalization period (up to 30 days)
was 1.5% before the checklist was introduced and declined
to 0.8% afterward (p = 0.003). Overall complications
occurred in 11.0% of inpatients at baseline and in 7.0%
after introduction of the checklist (p < 0.001). The most
common complication, which accounted for most of the
differences in the complications seen before and after
introduction of the safety checklist, was surgical site infec-
tion; unplanned return to the operating room and pneu-
monia were the next most common complications.

At low-income sites, there was a reduction in the death
rate from 2.1% to 1.0% (p = 0.006), and the complication
rate decreased from 11.7% to 6.8% (p < 0.001) after intro-
duction of the checklist. At high-income sites, the death
rate went from 0.9% to 0.6% (p = 0.18). There was, how-
ever, a moderate decrease in the complication rate from
10.3% to 7.1% (p < 0.001). The mechanism for improve-
ment in the rate of surgical site infections is not clear in the
high-income sites; appropriate antibiotic use in high-
income hospitals only changed markedly (20%) in 1 hospi-
tal. Surprisingly, that hospital had the smallest change in
surgical site infections, from 2.0% to 1.7%. Results were
robust to additional analyses that included multivariate

analyses of factors such as the presence of a data collector,
case mix, cross-validation of site and income.

Although this study showed that there was a reduction
in the rates of major complications and deaths in patients
who underwent noncardiac surgery, the methods of the
study were weak, leading to uncertainty about the validity
of the conclusions. While a checklist may be considered
standard of care and some form of it is being adopted in
many operating rooms because it is easy to implement and
unlikely to cause harm, adopters should be aware of the
limitations of this study.
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